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Novelty. This paper presents a technique for measuring the ratio between two on-chip capacitances which 
largely eliminates the influence of drift in the electronic measurement circuit. Measurement results on an 
inline capacitive pressure sensor are presented. 
 
Background. A common problem in micro sensors with capacitive readout is the influence of offset and 
gain drift in the electronic circuitry [1]. In a typical configuration two capacitors C1 and C2 are driven by 
AC voltages V1 and V2 and the differential current is measured using a charge amplifier as indicated in 
figure 1. If the voltages V1 and V2 have equal amplitude but opposite phase the differential current is 
proportional to the difference in capacitance C1 – C2. Unfortunately, in this case the output voltage Vout will 
also depend on the value of capacitor Cf and drift and offset in the demodulator circuit formed by the 
multiplier and low-pass filter (LPF).  
 
Operating principle. In this paper we propose to modify the circuit such that the voltage Vout is controlled 
to zero by adjusting the amplitudes of V1 and V2. In that case, the ratio V2/V1 will be exactly equal to the 
capacitance ratio C1/C2, independent of the gain of the charge amplifier (defined by Cf) and demodulator. 
Only offset in the demodulator remains an issue, but its influence can be made small by increasing the gain 
in the charge amplifier (reducing Cf) or inserting an additional amplifier stage directly after the charge 
amplifier. Furthermore, we replaced the traditional multiplier by a fully differential switch-based de-
multiplexer (see figure 2) in combination with a charge amplifier with differential output in order to reduce 
the offset voltage. 
 
Experimental results. The circuit was tested with an in-line pressure sensor [2] (see figure 3), fabricated 
using a fabrication process based on [3] and consisting of a partially released straight tube with a diameter 
of approximately 40 μm and a silicon nitride wall thickness of 1.5 μm. Asymmetrical comb structures are 
attached to the tube which will move downwards with increasing pressure inside the tube, due to the 
mechanical deformation of the tube (see figure 4). The comb structures have long fingers (200μm) at one 
side and short fingers (50μm) at the other side. The long fingers slightly bend downwards due to residual 
stress, resulting in an initial gap between the electrodes. Based on FEM simulations the initial capacitance 
of each comb structure is estimated to be approximately 60 fF. An increasing pressure inside the tube will 
result in a differential change in capacitance: C1 will increase and C2 will decrease. Figure 5 shows the 
input value of the digital-to-analog converter that generates the amplitude of V1 as a function of pressure 
over a range from 0 to 0.6 bar (the amplitude of V2 changes by exactly the same amount in the opposite 
direction). Over the full pressure range the value changes by approximately 1600, corresponding to a 
change in voltage ratio of 2.2% and a change in capacitance in the order of 1.3 fF (2.2% of 60 fF). The 
obtained resolution is approximately 0.6 bar / 1600 = 0.4 mbar or 1.3 fF / 1600 = 0.8 aF. 
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Figure 1. Operating principle. Two square-wave voltages V1 and V2 with opposite phase are applied to 
capacitances C1 and C2. The resulting differential current is measured using a charge amplifier and 
demodulator. The output voltage Vout is used to control the amplitudes of V1 and V2 such that Vout=0. The 
capacitance ratio is then given by: C1/C2 = V2/V1.    
 
 
Figure 2. Schematic diagram of the fully differential 
switch-based de-multiplexer circuit. 
Figure 3. SEM photo of the inline capacitive 
pressure sensor structure. 
  
Figure 4. Cross-section of the sensor structure 
with pressure dependent deformation and 
capacitance change. 
Figure 5. Digital control value as a function of the 
applied pressure to the capacitive sensor. The pressure 
range is from 0 to 0.6 bars. 
